A novel Gram-stain-negative, slightly halophilic bacterium, designated strain GASx41 T , was isolated from soil of the coastal-marine wetland Gomishan in Iran. Cells of strain GASx41
The family Cyclobacteriaceae, belonging to the order Cytophagales, includes chemo-organotrophic, aerobic species, with respiratory-type bacterial metabolism. Members of the genus Cyclobacterium include unique regular and curved, ring-like or horseshoe-shaped rods, non-flagellated and nonmotile Gram-negative bacteria (Raj & Maloy, 1990) . At the time of writing, the genus Cyclobacterium contains five species with validly published names: Cyclobacterium marinum, the type species, which was isolated from the deep-sea in the Gulf of California (Raj & Maloy, 1990; Euzéby, 1998) , Cyclobacterium amurskyense, from a seawater sample collected in Amursky Bay, Gulf of Peter the Great (Nedashkovskaya et al., 2005) , Cyclobacterium lianum, from sediment of the Xijiang oilfield in South China (Ying et al., 2006) , Cyclobacterium qasimii, from a marine sediment sample collected at a depth of 200 m from Kongsfjorden, Svalbard (Shivaji et al., 2012) , and Cyclobacterium caenipelagi, from a tidal flat sediment in the Korean peninsula (Jung et al., 2013) ; a sixth species of the genus, 'Cyclobacterium jeungdonense', isolated from a solar saltern in Korea is awaiting formal description (Joung et al., 2013) .
During a study of the diversity of prokaryotic microorganisms in the Gomishan wetland, Golestan province, Iran, several halophilic and halotolerant bacteria with alkaliphilic and alkalitolerant properties were isolated. The Gomishan wetland is an alkaline, thalassohaline, coastalmarine wetland, located along the eastern shore of the T , which is considered to represent a novel species of the genus Cyclobacterium. The strain was isolated by diluting a soil sample taken from around the Gomishan wetland, in sterile 3.0 % (w/v) salt solution, plating on marine agar 2216 (MA; Difco) and incubating at 34 u C for 2 weeks. The pH of this medium was adjusted to 7.5. The strain was subsequently purified three times by plating on the same medium. It was maintained on the same medium and also at 280 u C in MA medium without agar and supplemented with 30 % (v/v) glycerol.
To characterize strain GASx41
T phenotypically, standard tests were selected according to the recommendations of Tindall et al. (2010) . C. lianum CGMCC 1.6102 T and 'Cyclobacterium jeungdonense' CECT 7706 were used as reference strains for comparison in our study, and were cultured following the recommendations of their respective culture collections.
Cell morphology was examined with an Olympus BX51 microscope equipped with phase-contrast optics using cells from exponentially growing cultures. Gram staining was performed by the Burke method (Murray et al., 1994) and the result was confirmed by the KOH test (Baron & Finegold, 1990) . Motility was analysed by the wet-mount method (Murray et al., 1994) . Tests for catalase and oxidase activities, nitrate reduction, hydrolysis of aesculin, production of indole and the Voges-Proskauer reaction were performed as recommended by Smibert & Krieg (1994) , using media with 3 % NaCl. Hydrolysis of Tweens 20, 40 and 80 was examined as described by Harrigan & McCance (1976) on media with 3 % NaCl. Determination of acid production from carbohydrates, as well as utilization of carbon and energy sources, was performed as recommended by Ventosa et al. (1982) . Antimicrobial susceptibility tests were performed on Mueller-Hinton agar (MH) plus 3 % (w/v) sea salts (Ventosa et al., 1982) seeded with a bacterial suspension containing 1.5610 6 c.f.u. ml 21 using discs (HiMedia) impregnated with various antimicrobial compounds. The plates were incubated at 30 u C for 48 h and the inhibition zone was interpreted according to the manufacturer's manual.
To determine the optimal temperature and pH for growth of the novel strain, broth cultures of marine medium were incubated at 0, 4, 10, 15, 20, 25-37 (at intervals of 1.0 u C), 40 and 45 u C and at pH 5-10 at intervals of 0.5 pH units. pH values below 6, pH 6-9 and pH values above 9 were obtained using sodium acetate/acetic acid, Tris/HCl and glycine/sodium hydroxide buffers, respectively. Growth at different NaCl concentrations (0.5, 1.0, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0, 7.5, 10.0, 12.5 and 15.0 %, w/v) was tested on marine broth medium at pH 8.0. Growth was monitored by turbidity at OD 600 using a spectroscopic method (model UV-160 A; Shimadzu).
Other physiological and biochemical tests were performed as described previously (Mata et al., 2002; Quesada et al., 1984; Ventosa et al., 1982) .
Strain GASx41
T was Gram-stain-negative, non-motile and strictly aerobic. Cells were curved, ring-like or horseshoeshaped rods with a width of 0.4-0.6 mm and length of 0.8-1.7 mm. When grown for 3 days at 30 u C on MA medium, the light pink-pigmented colonies were circular, convex, smooth, with entire margin, translucent and 1-3 mm in diameter. This isolate was slightly halophilic, growing in media containing 1-10.0 % (w/v) NaCl and optimally in media containing 2.5-3 % (w/v) NaCl. Strain GASx41 T grew between pH 6.0 and 9.0 and optimally in media of pH 7.5-8.0. It was sensitive to cephoxitin (30 mg), chloramphenicol (30 mg), erythromycin (15 mg), nalidixic acid (30 mg), nitrofurantoin (300 mg) and rifampicin (5 mg), but resistant to amoxicillin (30 mg), ampicillin (10 mg), carbenicillin (100 mg), kanamycin (30 mg), polymyxin B (300 U), tobramycin (10 mg), neomycin (30 mg) and benzyl penicillin (10 U). Other phenotypic features are included in the species description and Table 1. Genomic DNA of strain GASx41
T was extracted using the method described by Marmur (1961) . The 16S rRNA gene was amplified using the bacterial universal primers 27F and 1492R (Lane, 1991) . Amplification was performed by initial denaturation at 95 uC for 5 min followed by 30 cycles of 94 uC for 1 min, 55 uC for 45 s and 72 uC for 55 s, and a final extension at 72 u C for7 min. The purified PCR product was sequenced in both directions using an automated sequencer by the Macrogen Company, Republic of Korea. Phylogenetic analysis was performed by using the software package MEGA version 5 (Tamura et al., 2011) after obtaining multiple alignments of the data available from public databases via CLUSTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed using three different methods: minimum-evolution (Rzhetsky & Nei, 1992) , neighbour-joining (Saitou & Nei, 1987) and maximumlikelihood (Felsenstein, 1981) . Evolutionary distances were calculated with the Kimura two-parameter method based on 1000 replicates. The 16S rRNA gene sequences used for phylogenetic comparisons were obtained from the GenBank database and their strain designations and accession numbers are shown in Fig. 1 .
The almost-complete 16S rRNA gene sequence (1402 bp) of strain GASx41
T was obtained and used for BLAST searches in GenBank and for phylogenetic analysis. The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net; Kim et al., 2012) . 16S rRNA gene sequence 
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Algoriphagus marincola T and members of the family Cyclobacteriaceae. The phylogenetic tree was reconstructed using the neighbour-joining algorithm. Bootstrap values for 1000 replicates are shown. The sequence of Parapedobacter soli DCY14 T (EF151805) was used as an outgroup. Bar, 2 % estimated sequence divergence.
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analysis showed that strain GASx41 T is a member of the genus Cyclobacterium. The closest relative of strain GASx41 T was 'Cyclobacterium jeungdonense' HMD3055 with a sequence similarity of 98 %. Other strains closely related to strain GASx41 T were C. lianum HY9 T (94.9 % 16S rRNA gene sequence similarity), C. marinum DSM 745 T (94.1 %), C. qasimii M12-11B T (94.1 %), C. amurskyense KMM 6143 T (94.0 %) and C. caenipelagi HD-17 T (93.9 %). Other related genera were Belliella (¡92.7 % similarity), Algoriphagus (¡92.4 %), Rhodonellum (¡92.3 %), Fontibacter (¡91.6 %) and Echinicola (¡91.4 %). Phylogenetic analysis using the neighbour-joining algorithm revealed that strain GASx41 T represents a separate lineage within the genus Cyclobacterium. This phylogenetic position was also confirmed by trees generated using the minimum-evolution and maximumlikelihood algorithms (Figs S1 and S2, available in the online Supplementary Material). Based on the sequence divergence, it was evident that strain GASx41
T constituted a taxon separate from other Cyclobacterium species.
For determination of DNA base composition, cells were disrupted by using a Constant Systems TS 0.75 kW machine (IUL Instruments) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . The DNA G+C content was determined by reversed-phase HPLC of nucleosides according to the protocol of Mesbah et al. (1989) . The G+C content of the DNA of strain GASx41 T was 48.1 mol%. This value is within the range reported for members of the family Cyclobacteriaceae (35-49 mol%) (Nedashkovskaya & Ludwig, 2010) but is higher than those of the type strains of recognized species of the genus Cyclobacterium (Table 1) .
Cell biomass for fatty acid, isoprenoid quinone and polar lipid analyses was obtained by cultivation on 3 % MH medium at pH 8 and 30 u C. Cells were harvested in the mid-exponential growth phase. The whole-cell fatty acid composition of strain GASx41
T was determined according to the standard protocol of the Microbial Identification System (MIDI, Version 6.1; Identification Library TSBA40 4.1; Microbial ID). Extracts were analysed using a Hewlett Packard model HP6890A gas chromatograph equipped with a flame-ionization detector as described by Kämpfer & Kroppenstedt (1996) . Fatty acid peaks were identified using the TSBA40 database. The cellular fatty acid profile of strain GASx41
T was characterized by iso-C 15 : 0 (27.0 %), summed feature 4 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c; 24.3 %), anteiso-C 15 : 0 2-OH (10.9 %), anteiso-C 15 : 0 (8.9 %) and iso-C 17 : 0 3-OH (6.6 %) as the major components. This profile was in agreement with those of the type strains of recognized species of the genus Cyclobacterium with iso-C 15 : 0 , summed feature 4, anteiso-C 15 : 0 2-OH, anteiso-C 15 : 0 and iso-C 17 : 0 3-OH as the major fatty acids, However, the proportions of these fatty acids were different from those obtained for other phylogenetically related species (Table S1 ). The polar lipids and respiratory quinones of strain GASx41 T were analysed as described by Groth et al. (1996) . The polar lipids detected were phosphatidylethanolamine, phosphatidylcholine and 12 unknown lipids (Fig. 2) . Menaquinone MK-7 was the only respiratory quinone detected in strain GASx41
T . The respiratory lipoquinone of the cell membrane of strain GASx41
T was typical of that found in members of the genus Cyclobacterium (Shivaji et al., 2012) .
16S rRNA gene sequence analysis (Fig. 1) revealed that strain GASx41
T belongs to the genus Cyclobacterium but represents a branch separate from closely related species. Strain GASx41 T shared some phenotypic features and similar chemotaxonomic characteristics, such as quinone composition and fatty acid composition, with species of the genus Cyclobacterium. However, several phenotypic features such as NaCl concentration range and optimum for growth, temperature range and optimum for growth, pH range and optimum for growth, acid production from carbohydrates, nitrate reduction and genomic DNA G+C content can be used to distinguish this strain from phylogenetically related taxa (Table 1) . Therefore, on the basis of data from this polyphasic taxonomic study, we propose that strain GASx41
T represents a novel species of the genus Cyclobacterium, for which the name Cyclobacterium halophilum sp. nov. is proposed.
Description of Cyclobacterium halophilum sp. nov.
Cyclobacterium halophilum [ha.lo9phi.lum. Gr. n. halo salt; N.L. adj. philus -a -um (from Gr. adj. philos -ê -on) friend, loving; N.L. neut. adj. halophilum salt-loving].
Cells are Gram-stain-negative, aerobic and heterotrophic, non-motile, curved, ring-like or horseshoe-shaped rods, 0.4-0.6 mm wide, and the outer diameter of rings is 0.8-1.7 mm. Colonies grown for 3 days on MA are circular (1-3 mm in diameter), convex, light pink-pigmented and shiny. Growth occurs at 4-37 u C (optimum 25-30 u C), at pH 6.0-9.0 (optimum pH 7.5-8.0) and with 1-10 % NaCl (optimum 2.5-3 % 
